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The main objective of this study was to utilize the cassava peel by saccharification and single step 
fermentation (SSF) by mixed culture of Saccharomycopsis fibuligera NCIM 3161 and Zymomonas mobilis MTCC 
92. Single step fermentation was performed in conical flasks with various concentrations of cassava peel (30, 
50, 70 and 90 g/L), pH (3.5, 4.5 and 5.5), temperature (37, 47 and 57°C), reaction time (72, 720 and 168 h), 
inoculum size (5, 10 and 15 % v/v) and agitation speed (50, 100 and 150 rpm). Cell growth was identified by 
measuring optical density at 660 nm. The total reducing sugars were determined by centrifuging at 5000 rpm 
for 10 min by 3,5-dinitrosalicylic acid method. Starch concentration was estimated by anthrone method. 
Ethanol concentration was determined by acid dichromate method. The optimum process conditions were 
substrate concentration of 70 g/L, pH of 4.5, temperature of 37°C, reaction time of 120 h, inoculum size of 10 
% (v/v) and agitation speed of 100 rpm. Under these conditions, the highest ethanol concentration of 26.46 
g/L was obtained for cassava peel (93.75 % of theoretical yield).  
 





Fuel consumption has steadily increasing over the decades as the global population has grown and 
most of the countries have become industrialised. It leads to the emission of green house gases 
(GHGs) which affects the climatic conditions adversely (Sovorawet and Kongkiattikajorn 2012). The 
adoption of bioethanol will considerably reduce the GHGs because fermentation derived ethanol is 
a part of the carbon cycle (Lynd 1996). The use of bioethanol is not only mitigating the GHGs but 
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also it reduces the dependence of oil imports. One of the best alternative methods in producing 
bioethanol is from starchy biomass. Among all available substrates, Cassava peel has higher starch 
content, cheaper, abundant renewable resources for the bioethanol production. Cassava based fuel 
production is reported to be an energy efficient than gasoline and corn based fuel (Dai et al. 2006).  
 
Cassava is a substantial commercial crop in South India and can be grown on tropical areas (Laluce 
et al. 1988). The whole plant of cassava can be utilized as food (cassava tubers), feed (cassava 
waste) and raw materials for bioethanol production (cassava peel). The starch rich cassava peel can 
be manipulated to produce bioethanol. The bitterness of cassava peel requires expensive 
processing techniques to make it edible (Balagopalan and Rajalakshmy 1998). The cyanogenic 
compounds present in the non-edible part of cassava causes several health related issues which 
include cancer, Diabetes mellitus, neurological disorder and iodine deficiency (Oluwole et al. 2007). 
Cassava peel is the main by-product from tuberous roots of cassava from Sago industries. The peel 
is 1-4 mm thick and accounts for 10-12% of the dry matter of the root (Yoonan and 
Kongkiattikajorn 2004). Acid hydrolysis of starch had extensively used in the past and it is largely 
replaced by enzymatic methods. Many microorganisms are capable of produce amylolytic enzyme. 
But direct conversion of cassava peel to glucose is limited (Saelim et al. 2008). Saccharomycopsis 
fibuligera is known for its high amylolytic activity and has been used in food industries for the 
production of sugar syrup (Sandhu et al. 1987; Knox et al. 2004). For the conversion of starch to 
bioethanol, co-culture of S. fibuligera and Zymomonas mobilis is employed. Z. mobilis produces 
ethanol by fermenting hexoses like glucose and fructose (Dien et al. 2003). The effects of mixed 
feedstocks of cassava peel and cassava waste by co-culture was reported (Sivamani et al. 2015). 
This article reveals the importance of cassava peel by the co-culture of the organisms for the 
improved bioethanol production.  
 
The present aim of the study is to demonstrate the fitness of cassava peel for bioethanol production 
by SSF and to optimize the process parameters such as substrate concentration, reaction time, pH, 
temperature, inoculum size and agitation speed for maximum yield through one-factor-at-a-time 
experiments.  
 
2. Materials and Methods 
 
2.1 Substrate collection and preparation 
 
Cassava roots were collected from a Sago industry waste dump in Namakkal district, India. The 
peels were scrubbed and dried overnight at 30°C. The dried mass of cassava peel was finely 
grinded, sieved through a mesh of 250 µm for homogeneity. Grinded cassava peel was packed in an 




The yeast strain S. fibuligera NCIM3161 was procured from National Collection of Industrial 
Microorganisms (NCIM), Pune. It is used in glucoamylase fermentation and hydrolyse the bonds α-
(1-4) and α-(1-6) to get glucose and maltose (Lévêque et al. 2000; Nigam and Singh 2011). A 
common ethanologenic bacterial strain of Z. mobilis MTCC 92 was purchased from Microbial Type 
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Culture Collection (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh. These cultures 




The high starch content in the cassava peel powder is not readily dissolved into water. So the 
intermolecular bonds of starch molecules have to be broken in the presence of water and heat in 
the form of gelatinization. 1 g of cassava peel powder was dissolved in 100 ml of water and boiled 
at 75°C (Coral et al. 2009). At this temperature, the mixture forms a solution which has high viscous 
consistency (Patle and Lal 2008).  
 
3. Results and Discussion 
 
3.1 Optimization of starch hydrolysis 
 
3.1.1 Effect of reaction time 
 
Effect of reaction time for different concentrations of cassava starch, TRS, ethanol and biomass by 
co-culture of Saccharomycopsis fibuligera NCIM3161 and Zymomonas mobilis MTCC92 were studied. 
Cultures were grown at room temperature and constant shaking at 150 rpm. Figure 1 shows the 
starch concentration was decreased from 12 mg/L to 2 mg/L when the reaction time is increasing. 
The concentration of TRS, ethanol and biomass were increased with increase in reaction time. From 
this study, the optimum reaction time for concentration of cassava starch, TRS, ethanol and biomass 




Fig. 1. Effect of reaction time on biomass growth and TRS production from cassava peel (70g/L) by 
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3.1.2 Effect of substrate concentration 
 
The impact of substrate concentration on biomass, TRS and ethanol were investigated. From Figure 
2 it is clear that the concentration of three parameters increased with increase in substrate 
concentration. The optimum substrate concentration was attained at 70 g/L for biomass, TRS and 





Fig. 2. Effect of cassava peel concentration on biomass growth and TRS production by 
Saccharomycopsis fibuligera NCIM 3161 and Zymomonas mobilis MTCC 92 
 
3.1.3 Effect of pH  
 
From Figure 3, the concentration of TRS was increased with increase in pH from 3 to 4.5 and 
further increase in pH has no effect on TRS production. Increase in pH has no significant changes in 
ethanol concentration. Increased pH has adverse effect on the concentration of starch. The optimal 
pH for TRS, ethanol and starch were found to be 4.5, 4.5 and 3.4 respectively.  
 
3.1.4 Effect of temperature 
 
The impact of the cultivation temperature on the concentration of TRS, ethanol and biomass by co-
culture of Saccharomycopsis fibuligera NCIM3161 and Zymomonas mobilis MTCC92 was carried out 
in 0 to 2.5 g/L of cassava starch by controlling the growth temperatures from 0 to 90 °C. From 
Figure 4, it was observed that the TRS concentration was increased as the temperature increased 
from 25 to 37°C at 2.2 g/L concentration of cassava starch. Increase in temperature has no effect on 
the concentration of ethanol and starch. The optimum temperature on the concentration of TRS 
was 37°C. Current results revealed that reaction time, substrate concentration, pH and temperature 
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Fig. 3. Effect of pH on biomass growth and TRS production from cassava peel (70g/L) by 




Fig. 4. Effect of temperature on biomass growth and TRS production from cassava peel (70g/L) by 
Saccharomycopsis fibuligera NCIM 3161 and Zymomonas mobilis MTCC 92 
 
3.1.5 Effect of inoculum size 
 
This study aimed to shorten the time for starch hydrolysis. From Figure 5 it is clear that the 
increasing of the inoculum size from 5 to 15 % (v/v) has negative impact on the concentration of 
ethanol and starch. The concentration of TRS was drastically increased with increase of inoculum 
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Fig. 5. Effect of inoculum size on biomass growth and TRS production from cassava peel (70g/L) by 
Saccharomycopsis fibuligera NCIM 3161 and Zymomonas mobilis MTCC 92 
 
3.1.6 Effect of agitation speed 
 
Effect of oxygen transfer rate was studied by changing agitation speed from 40 to 160 rpm. The 
result showed that the concentration of TRS was increased from 47 g/L to 80 g/L as agitation speed 
increases. Thus the optimum agitation speed was found to be 112 rpm. Increase of agitation speed 




Fig. 6. Effect of agitation speed on biomass growth and TRS production from cassava peel (70g/L) 
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The highest ethanol concentration of 26.46 g/L was achieved by implementing cassava peel 
concentration of 70 g/L, pH of 4.5, reaction time of 120 h, temperature of 37°C, inoculum size of 10 
% (v/v) and agitation speed of 100 rpm. The work will be continued in probing other parameters 
that can yield higher TRS and ethanol concentration.  
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